Tracking and trading commercial real estate through REIT-based pure-play portfolios : The European Case by Elonen, Kristian (Kristan Sami Juhani)
1 
 
 
 
Tracking and Trading Commercial Real Estate through REIT-Based Pure-Play Portfolios: 
The European Case 
 
by 
 
Kristian Elonen 
 
MSc, Business and Economics, 2007 
 
Stockholm School of Economics 
 
 
Submitted to the Program in Real Estate Development in Conjunction with the Center for Real Estate in 
Partial Fulfillment of the Requirements for the Degree of Master of Science in Real Estate Development 
 
at the 
 
Massachusetts Institute of Technology 
 
September, 2013 
 
©2013 Kristian Elonen 
All rights reserved 
 
The author hereby grants to MIT permission to reproduce and to distribute publicly paper and electronic 
copies of this thesis document in whole or in part in any medium now known or hereafter created. 
 
 
 
Signature of Author_________________________________________________________ 
Center for Real Estate 
    July 30, 2013 
 
 
Certified by_______________________________________________________________ 
    David Geltner 
Professor of Real Estate Finance 
    Thesis Supervisor 
 
 
Accepted by______________________________________________________________ 
David Geltner 
    Chair, MSRED Committee, Interdepartmental Degree Program in   
    Real Estate Development  
 
 
2 
 
 
 
Tracking and Trading Commercial Real Estate through REIT-Based Pure-Play Portfolios: 
The European Case 
 
 
by 
 
 
Kristian Elonen 
 
 
Submitted to the Program in Real Estate Development in Conjunction with the Center for Real Estate on 
July 30, 2013 in Partial Fulfillment of the Requirements for the Degree of Master of Science in Real 
Estate Development 
 
 
 
ABSTRACT 
 
 
The idea of a pure-play property portfolio is simply to replicate the returns of a specified target real estate 
sector without any exposure to other sectors by taking an optimal mix of long and short positions in listed 
real estate securities, combined with bonds to de-lever the traded equity shares. The goal of this study 
was to explore the possibility of applying the pure portfolio methodology in Europe, similarly to the way 
it has been recently launched in the United States, by constructing various demonstration sets of country 
and sector indices for the major European real estate markets. We used data for the three-year period 
2010-2012. We find that the pure-play methodology yields reasonable results for the European-wide 
office, retail, residential, industrial and multi-use indices. The all-sector country indices for the UK, France, 
Germany, Italy and Sweden seem to relatively accurately reflect the underlying economic trends in each 
country, while the Dutch index produced exaggerated negative results during the sample period. The 
performance of the computed Eurozone and Other-Europe indices are in line with reasonable 
expectations, among other things mirroring the events in the single currency area during 2011. A number 
of country-specific sector indices were also constructed. For the UK, office, retail, residential, industrial 
and multi-use indices were estimated. For France, office, retail and multi-use indices were computed. For 
Germany and Sweden office and residential sector indices were calculated. While the results for the 
majority of the country-specific sector indices seem reasonable and reliable, some of them suffer from 
high volatility or negative autocorrelation. In summary, this study suggests that the currently available 
data on European REITs and other real estate investment companies may well enable the construction of 
a number of sector, country, as well as country-specific sector indices for the key European real estate 
markets. 
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1 Introduction & Background 
From an informational perspective, there is nothing more fundamental in any investment asset class than 
the ability to track asset prices or values through time with as much timeliness and accuracy as possible. 
And from an investment strategy perspective, there is nothing more basic and useful than to be able to 
target sectors of the market to enable the execution of strategic and tactical portfolio management 
policies. Real estate is a major investment asset class all over the world, no less so in Europe than 
elsewhere.  
Yet real estate has always faced particular challenges in both of these considerations, compared to more 
liquid asset classes like publicly-traded stocks and bonds. From the informational perspective, tracking 
real estate values has had to depend on appraisals or transaction price data from the property market, 
both of which can be lacking or problematical, and tend to yield price indices that may be lagged or 
delayed or subjective. From the trading perspective the property market presents investors with lack of 
liquidity, high transactions and management costs, the inability to short or hedge positions, and 
difficulties with precisely and quickly rebalancing or targeting portfolios. 
Recently in the United States a new type of real estate informational and investment tool has been 
developed, based on the share prices of publicly-traded “pure play” real estate investment firms, primarily 
real estate investment trusts (REITs). The index firm, FTSE, and the REIT industry trade association, 
NAREIT, have combined to develop and publish what are called the FTSE-NAREIT PureProperty® Index 
Series, based on methodology first proposed in the academic literature in the 1990s and honed more 
recently in a NAREIT-sponsored research and development project at the MIT Center for Real Estate.1 The 
PureProperty Indices provide daily frequency, property-level (de-levered), capital and total returns to 
targeted “pure” sectors or regions in the United States. They also enumerate long/short investment 
portfolios of publicly-traded REITs (and bonds) which by construction exactly mimic the indices. The 
purpose of the present thesis is to make an initial exploration of the feasibility of developing such “pure-
play” real estate indices (including the implied corresponding underlying long/short investment 
portfolios) for Europe. 
Within their portfolio allocation to real estate, most institutional investors are interested in gaining 
exposure to a certain product type within a clearly defined geographic area. However, current investment 
vehicles available in Europe do not necessarily address these needs in the most efficient manner. While 
                                                          
1 See Geltner & Kluger (1998), and Horrigan et al (2009). 
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most European REITs and other real estate investment companies have all their holdings in one country - 
enabling investors to gain the desired country exposure - they very rarely are focused on one sector only. 
Gaining the desired sector exposure, especially if it is narrowly defined, through investments in listed real 
estate securities can therefore be cumbersome. The alternative is to gain the target allocation through 
investments in the private property market. The most viable options on the non-listed side are either 
investments in private equity real estate funds with clearly defined target country and sector allocations, 
or direct acquisitions of properties in the desired geographic area. However, both of these options are 
illiquid, can be costly, and often suffer from a long time lag between the investment decision and actually 
gaining the desired exposure. 
The so-called pure-play portfolios can potentially offer a solution to this problem. The idea behind them 
is simple: a pure-play portfolio is defined as an optimal combination of long and short positions in publicly 
traded REITs, such that the portfolio replicates investment returns to a specified target sector without any 
direct exposure to other sectors while minimizing the idiosyncratic risk component of the portfolio. In 
principle (data permitting) the target sector can be defined in terms of any attributes of property assets 
such as usage, location and size. For example, if one wishes to gain exposure to German offices , it is 
possible to construct a pure-play portfolio whose performance is only related to this target sector without 
any exposure to other attributes using a combination of long and short positions in listed real estate 
securities. Short positions in the portfolio are used to eliminate exposure to non-target sectors (Geltner 
& Kluger, 1998; Kim, 2004). Even if not used as a trading product, this methodology allows investors to 
infer price movements in underlying property markets on a daily basis from REIT returns without having 
to directly observe property transactions, which occur only with varying frequency and among dissimilar 
assets (Horrigan, Case, Geltner, and Pollakowski, 2009). 
The goal of this thesis is to explore the possibility of applying the pure-play methodology in Europe. We 
do this by actually developing demonstration pure-play indices for Europe, very similar in construction to 
the PureProperty® Index Series in the U.S. Ultimately we have developed and examined ten sets of country 
and sector capital return indices for the major European real estate markets for the three-year period 
2010-2012. As with the FTSE NAREIT PureProperty® Indices, a modified version of the Geltner-Kluger 
model, outlined by Horrigan et al (2009), is used to construct the indices.  Considering time constraints, 
this thesis focuses only on capital returns, which are the most relevant for tracking property asset price 
movements. Capital returns also contain almost the entirety of the volatility and other second moments 
of longitudinal returns statistics. However, in principle total return investment performance indices could 
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be produced using essentially the same methodology as explored in this thesis, as is done in the FTSE 
NAREIT PureProperty® Indices. (See D.Geltner, 2013.) 
In total 32 European property market indices have been constructed in this study as outlined in Exhibit 1. 
The first group consists of all-Europe sector indices for the most important product types: office, retail, 
residential, industrial and multi-use. All-sector country indices have been constructed for the UK, France, 
Germany, Italy, Netherlands and Sweden. For the two largest real estate markets, UK and France, separate 
regressions were also run when excluding other countries from the analysis. Two indices were also 
computed in order to compare real estate market developments in the Eurozone and the rest of Europe. 
Country-specific sector indices were computed for the UK and France using all companies in our analysis, 
as well as those companies’ data that are invested in the UK and France only. For Germany and Sweden 
sector indices were estimated with data from 100% German and 100% Swedish companies only. Exhibit 1 
summarizes the pure-play indices computed in this study. 
 
  
Exhibit 1. List of computed pure-play indices in this study 
GROUP OF INDICES DESCRIPTION
European sector indices All-Europe sector indices for office, retail, residential, industrial and multi-use
European country indices 1 All-sector country indices for UK, France, Germany, Italy, Netherlands and Sweden
European country indices 2 All-sector country indices for UK and France only
Eurozone index All-sector indices for the Eurozone and the rest of Europe
UK sector indices 1 Sector indices for UK office, retail, residential, industrial and multi-use
French sector indices 1 Sector indices for French office, retail and multi-use
UK sector indices 2 Sector indices for UK office and retail using 100% UK companies only
French sector indices 2 Sector index for French retail using 100% French companies only
German sector indices Sector indices for German office and residential using 100% German companies only
Swedish sector indices Sector indices for Swedish office and residential using 100% Swedish companies only
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2 Description of data underlying the European pure-play portfolios 
2.1 Required data and calculation of companies’ holdings 
The construction of the capital return property 
market indices according to the pure-play 
methodology is based on a selected number of 
REITs and real estate investment companies, and 
requires four different sets of data, as outlined 
in Exhibit 2. First, it is necessary to have detailed 
data on the underlying companies’ holdings. This 
includes information on the size of the 
properties, their usage types and locations, as 
well as acquisition and disposition dates. Only 
properties that were held at the beginning of 
each year were included in the calculation of the 
companies’ holdings for a particular year. For the 
purposes of this study and the construction of 
the main country and sector indices, the 
aforementioned data on companies’ holdings is sufficient. For this thesis, companies’ holdings data was 
received SNL Financial covering all the necessary attributes outlined earlier. The SNL sector classification 
consists of 12 different categories. This thesis classifies properties according to six different uses plus 
‘other’ and groups the SNL categories as indicated in Exhibit 2. 
The next step is to estimate the value of each company’s holdings of each product type in each country, 
in order to derive the geographical and sector split of the holdings. The companies’ holdings data 
therefore needs to be linked to market pricing data. The value of each property is simply estimated as the 
product of the number of square feet and the estimated price per square foot for the specific product 
type in the specific market. Data received from Real Capital Analytics Inc. (RCA) covered price information 
per square foot for all property types (for the exception of multi-use) for 42 European countries on a city 
level, based on actual transaction prices of property sales.  For the estimation of the value of the holdings 
the average prices between 2007 and 2012 were used, in order to minimize the impact of large 
fluctuations between years. Therefore, for the analysis period of 2010-2012, the only factor resulting in a 
change in a company’s holdings was the acquisition or disposal of properties. The price for multi-use 
Exhibit 2. List of required data and data sources for this 
study, and sector classification 
REQUIRED DATA THESIS SOURCE OF DATA
Companies' holdings data SNL Financial
Asset pricing data Real Capital Analytics Inc. (RCA)
Companies' balance sheet data Bloomberg
Companies' equity return data Bloomberg
SNL SECTOR CLASSIFICATION THESIS SECTOR CLASSIFICATION
Office Office
Industrial Industrial
Hotel Hotel
Multi-family Residential
Residential Residential
Shopping Center Retail
Regional Mall Retail
Retail: Other Retail
Multi-use Multi-use
Specialty Other
Self-Storage Other
Health Care Other
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properties was estimated as the average price per square foot of all the other properties of a company. 
Thus, the average price per square foot data from RCA was multiplied by the square foot property holdings 
data from SNL Financial to arrive at an estimate of each company’s property asset value holdings by sector 
and location. (This is the same procedure used by NAREIT in the FTSE NAREIT PureProperty® Index Series 
in the United States) 
In this manner the value and share of each company’s holdings in each property type in each country was 
estimated. The charts in Exhibit 3 illustrate the correlation between the reported total value of assets on 
the balance sheets of the companies as of December 2009 (from Bloomberg) and our estimated total 
value of the companies’ holdings at the beginning of the analysis period January 2010 for the companies 
that have been included in the analysis, as described in the following section.  
The above described methodology in calculating the value of the companies’ holdings seems to provide 
relatively accurate results when comparing to the reported total value of assets on the balance sheets. 
The average ratio between the reported total assets value and our estimated value of holdings is 80% 
indicating that the methodology yields a relatively good approximation of the value of the companies’ 
assets, and therefore also about their geographical and sector split. 
Lastly, balance sheet data is required for the estimation of the degree of leverage of each company. The 
capital return indices are estimated based on the unlevered asset returns of each company, and in order 
to de-lever the companies’ equity returns balance sheet data is required. De-levered asset returns are 
computed as outlined by Horrigan, Case, Geltner, and Pollakowski (2009). Both balance sheet and equity 
returns data were collected from Bloomberg. 
Exhibit 3. Comparison between reported balance sheet total assets at year-end 2009, and the estimated total 
value of selected companies’ holdings as of January 2010. Each dot corresponds to a selected company as 
described in section 2.2 
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2.2 Selection of companies 
The FTSE EPRA/NAREIT Developed Europe Index was used as the starting point for the selection of 
companies. As of March 2013 there were 85 companies in the index from 12 countries. There were 42 
constituents classified as REITs and 43 as real estate investment & services companies. The split is not as 
even when looking at the aggregate weight of the company types in the index: REITs comprise two-thirds 
of the total index weight and real estate investment & services companies the remaining third. Our 
presumption is that the real estate investment & services companies included in the FTSE EPRA/NAREIT 
Index must be sufficiently similar to the general conception of what a “REIT” is so that it makes sense to 
include them in the universe of firms underlying the pure-play indices we are exploring in this thesis. 
The first criteria used in the elimination of companies from the Developed Europe Index was the 
availability of asset holdings and balance sheet data. SNL data on companies’ holdings was missing in four 
cases. Three of them were relatively small with each an index weight of less than 0.5%. However, the 
largest company for which holdings data was missing is Deutsche Wohnen AG, the tenth largest index 
constituent with a weight of 2.2%. In total these four companies’ weights comprised just under 3% of the 
index. Balance sheet data was missing for six companies, all of them being either property trusts or funds. 
They all have index weights of less than 0.6% and in total only account for 1.5% of the index. Also, it is 
interesting to note that all of the companies eliminated due to lack of balance sheet data are from the UK. 
As the last step in the selection process companies having more than 25% of the value of their holdings in 
the ‘other’ category as defined in the previous chapter were eliminated. Companies such as Big Yellow 
Group specializing in self-storage and Primary Health Properties holding health care properties were thus 
taken out. In total five companies were eliminated due to large holdings in the ‘other’ category, 
accounting for just under 3% of the index.  Lastly, two other index constituents were left out of the 
analysis. LEG Immobilien AG was listed only in 2013 and therefore was not part of our analysis period. For 
Fonciere Des Regions there was a large discrepancy between the calculated value of the company’s 
holdings and the reported value of the company’s total assets and therefore was left out.  
In total 68 out of the index’s original 85 constituents, accounting for just below 90% of the total index, are 
used in the construction of the European pure-play portfolios. This compares not too unfavorably with 
the slightly more than 100 REITs used in the FTSE NAREIT PureProperty® Index Series published since 2012 
for the United States. The following table lists the companies included in our analysis and the reasons for 
exclusion. 
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FTSE EPRA/NAREIT Developed Europe Index
Indicative Index Weight Data as at close on 29 Mar 2013
Constituent name Index Weight (%) Country     ICB Sector Description
Holdings data 
available?
Balance sheet 
data available?
Over 25% 
assets 'other'?
Other reason 
for exclusion?
Included in 
analysis?
Aedifica 0.42 BELGIUM Real Estate Investment Trusts No Yes No No
Affine 0.08 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Allreal Hld N 1.05 SWITZERLAND Real Estate Investment & Services Yes Yes No Yes
Alstria Office 0.58 GERMANY Real Estate Investment Trusts Yes Yes No Yes
ANF-Immobilier S.A. 0.15 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Befimmo (Sicafi) 0.75 BELGIUM Real Estate Investment Trusts Yes Yes No Yes
Beni Stabili 0.37 ITALY Real Estate Investment Trusts Yes Yes No Yes
Big Yellow Group 0.52 UNITED KINGDOM Real Estate Investment Trusts Yes Yes Yes No
British Land Co 5.57 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Ca Immobilien 0.72 AUSTRIA Real Estate Investment & Services Yes Yes No Yes
Capital & Counties Properties 2.04 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Castellum 1.76 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Citycon 0.49 FINLAND Real Estate Investment & Services Yes Yes No Yes
Cofinimmo 1.33 BELGIUM Real Estate Investment Trusts Yes Yes Yes No
Conwert Immobilien Invest 0.50 AUSTRIA Real Estate Investment & Services Yes Yes No Yes
Corio 2.30 NETHERLANDS Real Estate Investment Trusts Yes Yes No Yes
Daejan Hdg 0.20 UNITED KINGDOM Real Estate Investment & Services No Yes No No
Derwent London 2.25 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Deutsche EuroShop 1.40 GERMANY Real Estate Investment & Services Yes Yes No Yes
Deutsche Wohnen AG 2.20 GERMANY Real Estate Investment & Services No Yes No No
Development Securities 0.21 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
DIC Asset AG 0.17 GERMANY Real Estate Investment & Services No Yes No No
Eurobank Properties Real Estate Investment Co 0.08 GREECE Real Estate Investment Trusts Yes Yes No Yes
EuroCommercial Ppty 0.96 NETHERLANDS Real Estate Investment Trusts Yes Yes No Yes
F&C Commercial Property Trust 0.59 UNITED KINGDOM Real Estate Investment & Services Yes No No No
FABEGE 1.00 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Fastighets AB Balder B 0.48 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Fonciere Des Regions 1.84 FRANCE Real Estate Investment Trusts Yes Yes No Holdings data No
Gagfah 0.72 GERMANY Real Estate Investment & Services Yes Yes No Yes
Gecina 1.60 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Grainger 0.64 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Great Portland Estates 1.95 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
GSW Immobilien AG 1.51 GERMANY Real Estate Investment & Services Yes Yes No Yes
Hamborner REIT AG 0.32 GERMANY Real Estate Investment Trusts Yes Yes No Yes
Hammerson 3.97 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Hansteen Holdings 0.63 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Helical Bar 0.27 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Hufvudstaden A 1.05 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Icade 1.50 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Igd - Immobiliare Grande Distribuzione 0.10 ITALY Real Estate Investment Trusts Yes Yes No Yes
Intervest Offices & Warehouses 0.12 BELGIUM Real Estate Investment Trusts Yes Yes No Yes
Intu Properties 2.16 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
IRP Property Investments 0.08 UNITED KINGDOM Real Estate Investment & Services Yes No No No
Ivg Immobilien 0.09 GERMANY Real Estate Investment & Services Yes Yes No Yes
Klepierre 2.89 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Klovern AB 0.27 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Kungsleden 0.66 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Land Securities Group 7.37 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Leasinvest-Sicafi 0.11 BELGIUM Real Estate Investment Trusts Yes Yes No Yes
LEG Immobilien AG 1.07 GERMANY Real Estate Investment & Services Yes No No Listed in 2013 No
LondonMetric Property 0.71 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Medicx Fund 0.26 UNITED KINGDOM Real Estate Investment & Services Yes No No No
Mercialys 0.64 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Mobimo 1.04 SWITZERLAND Real Estate Investment & Services Yes Yes No Yes
Mucklow (A.& J.)Group 0.20 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Nieuwe Steen Inv 0.27 NETHERLANDS Real Estate Investment Trusts Yes Yes No Yes
Norwegian Property ASA 0.61 NORWAY Real Estate Investment & Services Yes Yes No Yes
Patrizia Immobilien 0.20 GERMANY Real Estate Investment & Services Yes Yes No Yes
Picton Property Income 0.16 UNITED KINGDOM Real Estate Investment & Services Yes No No No
Primary Health Prop. 0.26 UNITED KINGDOM Real Estate Investment Trusts Yes Yes Yes No
Prime Office REIT-AG 0.12 GERMANY Real Estate Investment Trusts Yes Yes No Yes
PSP Swiss Property 2.73 SWITZERLAND Real Estate Investment & Services Yes Yes No Yes
Quintain Estates and Development 0.35 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Safestore Holdings 0.25 UNITED KINGDOM Real Estate Investment & Services Yes Yes Yes No
Schroder Real Estate Investment Trust 0.17 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Segro 2.15 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Shaftesbury 1.66 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Silic 0.65 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Societe de la Tour Eiffel 0.24 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Sponda  Oyj 0.86 FINLAND Real Estate Investment & Services Yes Yes No Yes
St.Modwen Properties PLC 0.49 UNITED KINGDOM Real Estate Investment & Services Yes Yes No Yes
Standard Life Inv Prop Inc Trust 0.10 UNITED KINGDOM Real Estate Investment & Services Yes No No No
Swiss Prime Site 3.32 SWITZERLAND Real Estate Investment & Services Yes Yes No Yes
TAG Immobilien AG 1.07 GERMANY Real Estate Investment & Services Yes Yes No Yes
Technopolis 0.25 FINLAND Real Estate Investment & Services Yes Yes No Yes
UK Commercial Property Trust 0.32 UNITED KINGDOM Real Estate Investment & Services Yes No No No
Unibail - Rodamco 16.65 FRANCE Real Estate Investment Trusts Yes Yes No Yes
Unite Group 0.58 UNITED KINGDOM Real Estate Investment & Services Yes Yes Yes No
Vastned Retail 0.59 NETHERLANDS Real Estate Investment Trusts Yes Yes No Yes
Wallenstam AB 1.00 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Warehouses De Pauw 0.49 BELGIUM Real Estate Investment Trusts Yes Yes No Yes
Wereldhave 1.13 NETHERLANDS Real Estate Investment Trusts Yes Yes No Yes
Wereldhave Belgium 0.15 BELGIUM Real Estate Investment Trusts Yes Yes No Yes
Wihlborgs Fastigheter 0.82 SWEDEN Real Estate Investment & Services Yes Yes No Yes
Workspace Group 0.41 UNITED KINGDOM Real Estate Investment Trusts Yes Yes No Yes
Exhibit 4. List of companies included in the FTSE EPRA/NAREIT Developed Europe Index as of March 2013. 
Highlighted companies are excluded from the computation of the European pure-play portfolios 
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2.3 Overview of selected companies 
Out of the 68 selected companies 37 are classified as REITs and 31 as real estate investment & services 
companies. There is a large difference between the drop-rate between the types of companies: only 5 
REITs were excluded from the analysis based on the criteria outlined in the previous section. The 
corresponding figure for investment & services companies is 12. As a result REITs account for almost 70% 
of the total market capitalization of all the included companies in the analysis.  
There are some interesting differences between countries as can be seen in Exhibit 5. The UK has by far 
the largest number of both REITs and investment & services companies in the index. Many of the excluded 
UK non-REITs were funds or investment trusts lacking sufficient available balance sheet data. All the 
French and Dutch companies are classified as REITs, whereas the opposite is the case for the Swedish 
index constituents. Germany has a mix of both, with a tilt towards investment & services companies. Most 
of the excluded companies were in any of these five most important countries. Almost all companies 
outside these countries were part of the analysis, with the exception of two Belgian companies: Aedifica 
and Cofinimmo.  As a result, included in the analysis there are five companies from Belgium, two from 
Austria, three from Finland, one from Greece, two from Italy, one from Norway and four from Switzerland 
in addition to the five largest countries. 
 
Exhibit 5. Number of companies by country and type included in the FTSE EPRA/NAREIT Developed Europe Index 
and in this study 
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2.4 Holdings of selected companies and degree of diversification 
 
The European pure-play portfolios are constructed based on the approximately 11,000 individual assets 
held by the selected 68 companies, mapped above. Each dot corresponds to an individual asset, and the 
height of each bar is proportional to the estimated value of the property. Colors correspond to the 
different property types as outlined in the legend. Total value of these assets is approximately 470 billion 
USD based on the companies’ holdings as at 1 January 2012, and the market capitalization of the selected 
68 companies is circa 152 billion USD as of 30 June 2013.2  
                                                          
2 Again, this universe compares not too unfavorably with the FTSE NAREIT PureProperty® Index Series in the United 
States, where the universe includes as of 2013 approximately 29,000 properties worth slightly in excess of USD 700 
billion. With slightly in excess of 100 REITs in the U.S. PureProperty index universe, the index series includes 21 
(partially overlapping) sub-indices (by sector, region, and sectorXregion combination) plus a weighted composite 
National All-property “headline” index. The smaller European universe would suggest that probably fewer sub-
indices can presently be successfully produced. But this may still allow a very interesting suite of indices. 
Exhibit 6. Map of all holdings of the selected 68 companies used to compute the European pure-play portfolios 
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As can be seen on the map, retail assets are the most common, accounting for just below 40% of the total 
value of the assets. Shopping centers, regional malls and other retail assets in the UK, France, Italy and 
Spain together account for 75% of all retail assets held by the companies. Office properties make up just 
below 25% of the total property stock, with largest stocks held in UK, France, Germany and Sweden. 
Residential is the third largest property type, representing circa 17% of total holdings. Multi-family 
properties in Germany represent by far the largest portion of the residential stock, accounting for over 
60% of all residential assets held by the selected companies. Multi-use properties account for 13% of the 
total value of the assets, with the largest concentration in France. Industrial and hotel properties only 
account for 6% and 1% respectively of the total value of assets.  
In terms of the overall geographical split of the assets, UK and France together account for approximately 
half of the total value. Germany represents a share of 17%, with a high concentration in residential. 
Sweden has the fourth largest share of all the assets, accounting for 7% of the total. Office has the largest 
share of the Swedish assets, but retail, residential, industrial and multi-use all have a relatively even share. 
Italy, Spain and Switzerland each account for 4-5% of all the assets, with remaining countries having shares 
of 1-2%. The pie charts in Exhibit 7 summarize the more detailed sector and geographical split of the 
aggregate value of the assets held by the 68 selected companies as of January 2012. 
Country focused companies (defined as a company having 100% of its assets in one country) are more 
common in the sample than those that are sector focused. Of the 68 companies 37 (54% of all companies) 
have all their holdings in one country, versus six (9% of all companies) that have all their holdings in one 
sector. Only three companies are both country and sector focused. Even the companies that are 
diversified across countries do not tend to have large holdings outside their home countries. Almost 75% 
of the companies hold over 80% of their assets in one country. Sector diversification on the other hand is 
much more common. Only 37% of all companies hold over 80% of their assets in a single sector. 
Exhibit 7. Overall sector and geographical split of the selected companies’ holdings as of January 2012 
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There are some differences between the types of companies. Only 16 of the selected REITs (43% of 
included REITs) are country focused, compared to 21 investment & services companies (68% of included 
non-REITs). Country of origin also seems to be a determining factor. Swiss companies are the most country 
focused with 100% of them having their holdings in Switzerland only. All but one Swedish company (88% 
of all Swedish companies) hold all their assets in Sweden only. The majority of German and UK companies 
are country focused as well, with shares of 78% and 68% of all companies in respective countries having 
100% of their holdings in the home country. Dutch and French companies seem to be the most 
geographically diversified, with no companies from the Netherlands being fully invested in one country, 
and only a third of the French companies focusing on France only. 
Only German companies tend to be more sector focused, with almost 45% of the German companies 
investing in a single sector. For the rest of the countries there are practically no companies investing in a 
single sector. Size of a company on the other hand does not seem to correlate with the degree of 
diversification. Of the 24 companies having a weight of over 1% in the index 58% are invested in a single 
country, compared to 50% of the 44 companies having a weight below 1%. Corresponding figures for the 
degree of sector focus are 8% and 10% respectively. The below chart summarizes the degree of country 
and sector concentration across company type, country of origin and size.  
Exhibit 8. % of selected companies having all their holdings in one country or sector 
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3 Results of the European pure-play portfolios 
Following the pure-play methodology outlined by Horrigan et al (2009), ten sets of European property 
market capital value indices were created for the three-year period of 2010-2012. The first one covers 
European-wide sector indices for office, retail, residential, industrial and multi-use properties. The second 
set comprises of all-sector country indices for the UK, France, Germany, Italy, Netherlands and Sweden. 
For the largest real estate markets UK and France, all-sector country indices were also estimated when 
dropping other countries from the analysis. Indices reflecting property price movements in the Eurozone 
versus the rest of Europe were also created. Country specific sector indices make up the last six sets of 
indices. For UK and France these indices were created using data from all 68 selected companies as well 
as those that have 100% of their holdings in either UK or France. For Germany and Sweden country specific 
sector indices were created using those countries’ companies only. The present chapter describes the 
resulting indices and diagnostics together with key characteristics of the underlying portfolios. 
The general procedure in this thesis research has been as follows. We have sought to first explore a large 
number of potential indices, no doubt many more than would actually be feasible to produce at present 
given the universe of firms available from which to construct the indices as described in the previous 
chapter. The research objective here is to cast a broad net, and see what “fish” we catch that we can keep. 
It is worthwhile to note that in the FTSE NAREIT PureProperty® Index Series in the U.S. there are 21 
(partially overlapping) sub-indices published, based on a larger REIT universe than we currently have for 
Europe. Yet we are initially exploring more than that number of indices here for Europe in the present 
chapter. In the final chapter of the thesis we will narrow down the number of indices to a smaller “menu” 
that appears to be more reliably feasible. 
3.1 European sector indices 
The first set of European pure-play indices we have developed consists of six property usage type sectors 
across all of “developed Europe” defined as by FTSE EPRA/NAREIT. Such sector-pure indices could be of 
particular interest in Europe, as most publicly-traded real estate investment firms in Europe are not 
sector-pure, as we noted in the previous chapter (see Exhibit 8). Thus, “pure-play” index construction as 
performed in this thesis is necessary to provide a lens on individual property sectors.3 Six sectors are 
included in the pure play regressions and portfolios (as referenced in the Introduction & Background 
                                                          
3 This is in contrast to the situation in the U.S., where most REITs tend to be more specialized by property usage type 
sector than by geographic region. 
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chapter of this thesis: office, retail, residential, industrial, multi-use, and other (including hotel)). But only 
five indices are included in the review of this index set, as the other/hotel sector has too few properties 
to produce a viable index, and so is dropped from further consideration as a potentially publishable index.  
The European-wide sector indices for 2010-2012 are presented in Exhibit 9. All five sectors at first seem 
to move relatively in tandem, reflecting the incipient recovery from the financial crisis and resulting 
recession. This makes economic sense, and jives with general perceptions of the market. Then inmid-2011 
the picture changes. At that time events in Portugal, Greece, Spain and Italy raised new concerns about 
the stability of the Euro area. The threat and onset of the second dip of the European recession in 2011 is 
clearly apparent in the property valuations implied by the indices during that period, and this too makes 
economic sense. European industrial and retail sectors were clearly the worst performers during the 
second half of our analysis period, whereas office and especially residential performed well. Multi-use 
properties performed the best until a sharp drop at the very end of our analysis period. 
These trends are confirmed by the return statistics presented in Exhibit 10. Capital values for residential 
properties rose at an annual pace of 5.4%, compared to 3.5% for office and negative 2.9% for industrial.  
 
Exhibit 9. Daily frequency European pure-play sector indices, 2010-2012 
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In addition to basic trend statistics, we have also examined some diagnostic and risk statistics for the 
indices. In particular, two “second-moment” statistics are of particular interest.4 The volatility refers to 
the standard deviation of the returns across time. The autocorrelation refers to the first-order serial 
correlation between the index returns and themselves lagged one period. These statistics can suggest 
something about the quality or reliability of the indices. In general, other things being equal, lower 
volatility and higher (less negative) autocorrelation suggests a better quality or more reliable index. The 
way a pure-play index is constructed, by the use of short positions as well as long positions in the pure-
play portfolio, excessive short positions, or a few very large individual long positions, can sometimes be 
mathematically necessary to achieve the pure exposure to the target sector, especially if there are few 
REITs in the universe that specialize in the target sector. Excessive short positions and lack of 
diversification across long positions in the pure play portfolio can magnify the idiosyncratic risk in the 
individual firms’ stock returns, causing excess volatility in the pure play portfolios and resultant indices. 
This can be manifested by high volatility in the pure play indices, and sometimes also by large (absolute) 
negative autocorrelation. Thus, volatility and autocorrelation can be diagnostic statistics to give us some 
indication about the feasibility of producing reliable pure-play indices. 
With the above in mind, it is nevertheless necessary to keep a couple points in view. First, the historical 
time sample that we are working with is very short, only three years. We should caution against drawing 
very strong or definitive conclusions from this short an analysis. Second, while high volatility and large 
negative autocorrelation in the indices are features that share some characteristics in common with 
statistical “noise” or “error” in econometric constructs such as repeat-sales transaction price based indices 
based on private (direct) property market data, in fact the stock market based pure-play indices are a 
different type of “animal.” As a result, the meaning of such diagnostic returns time series statistics is subtly 
different with the pure-play indices. Each stock market based pure-play index represents the actual 
historical market returns to traded stocks, or more precisely, to a portfolio of long and short positions in 
such stocks. Each such index therefore represents returns that in principle actually did occur in the market, 
that is, returns which a conceptually feasible portfolio of investment positions would have produced in 
the actual historical reality. In that sense the pure-play indices, unlike econometric transactions price 
indices, are not “estimates” or statistical “inferences,” but actual, real, market-based results, replicable in 
principle by an investment portfolio. 
                                                          
4 Second moment statistics are based on the square of the deviation of the periodic returns from their longitudinal 
mean or central tendency. 
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In addition to the overall three-year compound annual growth rate (CAGR) statistics noted previously, 
Exhibit 10 presents volatility and autocorrelation at the quarterly frequency for the five European sector 
indices. As we can see in Exhibit 10, the European index representing the multi-use sector was the most 
volatile one, with quarterly volatility of 6.2%. However, if that is the “worst” (highest) volatility in the index 
set, then this is arguably an encouraging result, because on an annualized basis this would imply yearly 
volatility on the order of 12.4% (or less, given the negative autocorrelation), which is a very reasonable 
amount of volatility by comparison with other forms of risky assets traded in liquid markets. Both the 
volatility and the autocorrelation suggests a reasonable and reliable index without excess idiosyncratic 
risk. Exhibit 10 also reveals that residential and office properties showed the least fluctuation, with 
quarterly volatility figures of only 4.0% and 4.6% respectively. None of the indices exhibited excessive 
levels of autocorrelation. 
The table reports not only the index performance statistics, but some additional statistics about the 
characteristics of the pure-play portfolios that underlie (and determine) the indices. These statistics can 
also provide some diagnostic indications about the indices. As noted, each index is created by taking long 
and short positions in the selected stocks resulting in a pure exposure to the given target sector which the 
index tracks. Therefore, underlying each sector index is a different combination of long and short positions 
in our universe of 68 selected companies. The positions in the stocks in each portfolio by construction 
sum to a net of 100%, with the short positions being subtracted and the longs added. As we discussed 
above, large individual short positions can be problematical (though not necessarily, especially if the pure-
play portfolio is otherwise well diversified).  
While in a production index suite the pure-play portfolio positions might be updated monthly (as in the 
case of the FSTE NAREIT PureProperty® Series), in reality the positions change only slightly and gradually, 
as firms’ property holdings shares change only slightly and gradually over time. Considering research time 
constraints in this thesis, we updated the pure play weights only annually, at the beginning of each 
calendar year.  
Exhibit 10. Return and underlying stock portfolio diagnostics of the European pure-play sector indices 
    RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
Office 3.5% 4.6% -12.1% 0.20 0.56 1.72 42 -0.16 26 -0.72 0.03
Retail -0.1% 5.3% -31.8% 0.28 0.80 1.19 32 -0.03 36 -0.19 0.01
Residential 5.4% 4.0% 10.3% 0.52 0.96 1.27 22 -0.03 46 -0.27 0.01
Industrial -2.9% 5.2% 3.4% 0.62 1.22 1.56 35 -0.07 33 -0.56 0.02
Multi-use -1.4% 6.2% -15.0% 0.78 1.00 1.37 32 -0.04 36 -0.37 0.01
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With the above in mind, the graph in Exhibit 11 is presented to illustrate the kinds of positions in a typical 
pure play index portfolio. The Exhibit highlights positions taken in the underlying companies when 
creating the European office index for 2010, 2011 and 2012. This portfolio is the most balanced of the 
sector indices, with the largest position in the 2010 portfolio having a weight of just over 20%, and the 
top five long positions accounting for 56% of the portfolio. There is a short position in 26 stocks, with an 
average short position of 3%, and the largest negative weight of 16%. While the 42 long positions in the 
portfolio increase the diversification and thus reduce volatility, the large aggregate weight of the short 
positions increases the leverage of the portfolio having an adverse impact on its volatility. 
 
The right hand side of the table in Exhibit 10 highlights the key characteristics of the portfolios underlying 
each of the European sector indices. Portfolios used to create retail, residential, industrial and multi-use 
indices are quite different from the one underlying the office index. These portfolios are much more 
concentrated, having a few large long positions and larger number of small long and short positions. As 
an example, Exhibit 12 shows the positions in the selected companies underlying the European residential 
index. The largest position in the portfolio has a weight of over 50%, and the top five positions account 
for 96% of the portfolio (on a gross basis, to be offset by negative positions in the shorts). In contrast to 
the portfolio underlying the office index, the largest short position only has a negative weight of 3%, but 
the number of short positions is 46 compared to the 26 in the office portfolio. While the number of short 
positions is larger for the residential index, their total weight is negative 27%, compared to negative 72% 
for the office portfolio. It is interesting to note that while the residential properties account for 
Exhibit 11. Underlying stock portfolio of the European pure-play office index, 2010-2012 
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approximately 17% of the total value of the holdings of the selected companies, not too far from the 
aggregate share 24% of office assets, the portfolio underlying the sector index is more concentrated than 
the one for the office index with 22 long positions in the residential portfolio compared to the 42 of the 
office portfolio. 
Portfolios underlying the industrial and multi-use indices are even more concentrated than the residential 
one, with largest long positions of 62% and 78% respectively. For the industrial index the top five positions 
together have a weight of over 120%, which is balanced by short positions in almost half of the stocks, 
with an average negative weight of 2%.  
It is interesting to consider the size and liquidity of the stocks in which short positions are taken in order 
to assess the practical feasibility of the indices, if they were to be literally implemented as funded 
portfolios, such as exchange-traded funds (ETFs). However, such considerations are beyond the scope of 
the current thesis, and in fact such literal funded implementation of the pure-play portfolios is not 
necessary to construct, compute and publish the indices as information products.   
Exhibit 12. Underlying stock portfolio of the European pure-play residential index, 2010-2012 
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3.2 European country indices 
The second set of indices that we explored consists of country indices for the major markets, in particular, 
those where the European real estate firms in our universe hold enough property assets to allow 
consideration of potentially feasible country-specific all-property indices. These include six countries: UK, 
France, Germany, Italy, Netherlands and Sweden. In fact, constructing country-specific sector-diversified 
indices is easier with the European REIT universe than constructing geographic regions-specific sector-
diversified indices in the United States because of the previously-noted tendency of European REITs to 
concentrate their asset holdings by country more so than by sector, the opposite to the pattern in the U.S.  
The results of the sector-diversified country indices created according to the pure-play methodology are 
presented in blue in the graphs in Exhibit 13, together with corresponding direct private property market 
(appraisal-based) indices provided to us for this research by Investment Property Databank (IPD). (Please 
note that the IPD indices depicted in the Exhibit are unofficial, preliminary indices under development at 
IPD, and have been generously provided by IPD solely for use in this thesis.5) The unpublished IPD 
estimates for cumulative capital return indices over the same time span and at the same quarterly 
frequency as the pure-play indices are presented in the graphs by the green lines. Both indices are 
estimated on a quarterly basis, as opposed to the daily frequency that we depicted previously in Exhibit 9 
for the European sector indices. 
 
                                                          
5 We thank IPD for taking the trouble to develop these customized research indices, which have been constructed 
to be as comparable as possible to the stock market based country indices developed here. However, there remain 
numerous “apples-vs-oranges” issues in any such comparisons. 
Exhibit 13. Quarterly frequency European pure-play and unpublished IPD country indices, 2010-2012 
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The comparison between the IPD and the pure play indices in Exhibit 13 is interesting both for the 
similarities and differences it reveals. It is important to keep in mind that the IPD indices are based directly 
on property valuations in the private property market in each country, and in particular on the holdings 
of the IPD member firms in those countries (which tend to be large institutional investors and professional 
investment management firms and funds). The pure play (blue) indices in contrast represent stock market 
based valuations of the 11,000 properties held by the 68 publicly-traded firms in our universe.  
The most striking difference between the IPD and pure property indices is the difference in volatility, as 
can be seen in Exhibit 15. The UK country index is the most volatile one created using IPD data with a 
quarterly volatility of 1.5%. For France, Italy, Netherlands and Sweden the corresponding figures are 
between 0.4% and 0.5%, and the German index has a quarterly volatility of just 0.1%. Indices created using 
the pure-play methodology exhibit a much higher level of volatility, with Netherlands being the most 
volatile market with a quarterly volatility figure of 8.4%, followed by Italy at 7.8%. Interestingly, the 
German market is also the most stable one in the pure-play indices, relatively speaking, with quarterly 
volatility of 3.5%, considerably lower than that of the UK or France with corresponding figures of 5.5% 
and 5.6% respectively. 
While the level of annualized returns differs between the indices created with IPD data and the pure-play 
methodology, interestingly, the rank across countries is almost the same, as can be seen in Exhibit 15. This 
results in a Spearman’s rank correlation coefficient of 0.77. Sweden is ranked as the best performing 
market by both the IPD and stock market based pure property indices, with annualized capital value 
growth rate of 3.6% according to the IPD figures and 5.2% according to the pure-play methodology. 
Netherlands and Italy are the worst performers according to both methods. While the annualized growth 
rates for Italy are relatively close at -2.0% (IPD) and -3.1% (pure-play), the figures for the Netherlands are 
far apart. The performance of France and Germany is where the two sets of indices create differing results. 
Pure play methodology ranks Germany as the second best performing market with an annualized growth 
rate of 3.8%. According to the IPD figures the yearly growth rate was -0.5% for Germany during the sample 
period. For France the situation is the opposite, with an IPD annualized return figure of +2.5%, compared 
to -0.3% for the pure-play portfolio.  
24 
 
Indices created with the pure-play 
methodology seem to relatively accurately 
reflect the underlying economic trends in the 
selected countries. The sharp fall in the Italy 
pure-play country index at the end of 2011 
coincides with a sharp decline in the country’s 
GDP growth rates at that time, triggered by the 
severe crisis in the Euro. The increase in the UK 
economic growth rate at the end of our 
analysis period seems also to be captured by 
the pure-play country index. Similarly, the 
sluggish growth in France towards the end of 
2012 is echoed in France’s pure-play property index. Additionally, the relatively good performance of the 
German economy throughout the three Euro area crisis years is mirrored in the pure-play country index. 
Germany’s annualized quarterly GDP growth rate ranks behind only that of Sweden which is the top-
performing country in the pure-play indices. This suggests some confirmation of the validity and reliability 
of the stock market based property valuation indices. The tables in Exhibit 15 summarize the key return 
characteristics of both the pure play and unpublished IPD country indices. 
 
 
The pure-play methodology seems to produce good results for the country indices, with the possible 
exception of France and Netherlands, which both exhibit high negative autocorrelation (and perhaps 
somewhat high volatility in the case of the Netherlands). The portfolio of stocks underlying the Dutch 
country index is an extremely concentrated one, with a weight of over 90% of the total portfolio in only 
Exhibit 14. Quarterly GDP growth rates 2010-2012. 
Source: OECD 
Exhibit 15. Return and underlying stock portfolio diagnostics of the European pure-play country indices 
PURE PROPERTY     RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
United Kingdom 3.5% 5.5% -6.2% 0.24 0.77 1.07 28 -0.01 40 -0.07 0.002
France -0.3% 5.6% -46.4% 0.32 0.96 1.20 21 -0.02 47 -0.20 0.004
Germany 3.8% 3.5% 14.1% 0.51 0.88 1.15 29 -0.03 39 -0.15 0.004
Italy -3.1% 7.8% -22.0% 0.49 1.71 1.76 15 -0.17 53 -0.76 0.014
Netherlands -12.9% 8.4% -37.9% 0.91 2.58 2.73 20 -0.36 48 -1.73 0.036
Sweden 5.2% 3.7% -12.3% 0.24 0.78 1.10 35 -0.01 33 -0.10 0.003
IPD    RETURN DIAGNOSTICS RANK COMPARISON
CAGR Volatility Autocorrelation IPD PURE PROPERTY
United Kingdom 2.2% 1.5% 88.0% United Kingdom 3 3 Spearman's rank 
France 2.5% 0.4% 77.2% France 2 4 correlation 
Germany -0.5% 0.1% 67.1% Germany 4 2 coefficient
Italy -2.0% 0.5% 86.1% Italy 5 5
Netherlands -2.1% 0.5% 37.8% Netherlands 6 6 0.77
Sweden 3.6% 0.4% 82.6% Sweden 1 1
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one stock, Unibail-Rodamco SE6, and the largest five holdings having a weight of over 250%. Over 70% of 
the stocks for the Dutch index have short positions, with the largest one having a negative weight of over 
35%.  
The portfolio underlying the French index is a highly concentrated one as well, with the largest five 
holdings not falling much short of 100% of the total weight. As discussed in section 2.4, both France and 
Netherlands lack a large number of companies that would have all their holdings in those countries. This 
is the most likely explanation to the relatively poor performance of those countries’ pure play indices. On 
the other hand, the pure play portfolios of stocks composing the UK and Swedish indices are the most 
diversified ones. In both cases the largest long position is below 25% of the total portfolio, and the five 
largest holdings count for below 80% of the portfolio. Also, the short positions are quite limited, with the 
largest short positions having weights of around -1%, and the average short position having a negative 
weight of 0.2% and 0.3% respectively.  
  
                                                          
6 As of January 2010, Unibail-Rodamco owned 84 properties in the Netherlands with an estimated value of just over 
USD 6 bln. While the portfolio of stocks in the Dutch pure play index is not well diversified the number of properties 
arguably is. The stock price of a single firm owning multiple properties in some sense represents a “consensus” 
evaluation of that large and diversified underlying asset portfolio. A stock market is a type of information aggregation 
“machine”, and in that sense comparable to a statistical value estimation model or a number of individual property 
appraisal valuations such as would underlie an IPD type index. 
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3.3 UK and France indices only 
All-sector country indices were also estimated 
for the two major markets UK and France by 
running the regressions for these two 
countries only, as opposed to a larger number 
of countries as in section 3.2. The results are 
presented in Exhibit 16. The blue line 
corresponds to the results of the analysis 
presented in this section, and the green line to 
the results from section 3.2. 
For the UK the results are identical as is 
confirmed by the diagnostics presented in 
Exhibit 17. While there is a slight difference in 
the number of short positions between the 
two portfolios the results do not differ. For 
France the results are somewhat different. 
When estimating the all-sector French country 
index together with a larger pool of countries 
the average growth rate is -0.3% as opposed to -0.9% when estimating with the UK only. The index 
estimated in this section is slightly more volatile and exhibits a higher level of negative autocorrelation. 
The portfolio underlying the French index is more or less the same, with the largest five holdings 
accounting for 96% of the portfolio. As for the stock portfolio underlying the UK index, there is a larger 
number of short positions with a marginally higher absolute average short position.  
 
 
 
Exhibit 16. Quarterly frequency UK and France pure-play 
country indices, 2010-2012 
 
Exhibit 17. Return and underlying stock portfolio diagnostics of the UK and French pure-play country indices 
when computed for UK and France only 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
United Kingdom 3.5% 5.5% -6.2% 0.24 0.77 1.07 20 -0.01 48 -0.07 0.002
France -0.9% 5.8% -47.7% 0.31 0.96 1.25 15 -0.05 53 -0.25 0.005
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3.4 Eurozone and Other-Europe indices 
The fourth set of pure play indices we have examined is a simple breakout between Eurozone countries 
and other European countries. These indices are the last two geographical indices which we have explored 
in this study. While the country classification used in this study cannot perfectly match the split between 
the Eurozone and the rest of Europe, it should be detailed enough to produce interesting and informative 
indices. The companies’ holdings data correctly takes into account assets in the major Eurozone countries 
such as Germany, France, Italy, Spain and Netherlands, as well as the key countries outside the common 
currency area such as the UK, Sweden, Denmark and Norway. The results of the two indices are presented 
in Exhibit 18. 
 
The two indices move close to each other until early 2011, when the Eurozone index falls behind the Non-
Euro Europe index. The Portugal bailout package announced in May 2011, the second Greek bailout in 
July 2011 and the rise of Spanish and Italian government bond yields in the summer of 2011 all had 
negative impact on the economic performance of the Eurozone, which is captured by the pure play 
Exhibit 18. Quarterly frequency Eurozone and Other-Europe pure-play indices, 2010-2012 
28 
 
property index. The Non-Euro Europe pure play index fell towards the end of 2011 as well, however, it did 
not fall as much, and it recovered at a much quicker pace in 2012 while the Eurozone property market 
continued to struggle. Over the three-year period the Eurozone pure-play index grows at an annual rate 
of 0.6%, while the index for the rest of Europe reaches a capital value growth rate of almost 4%. Both 
indices exhibit approximately the same level of volatility, with quarterly figures at 4.5% and 4.3% 
respectively, very reasonable volatility suggesting very broadly diversified pure-play portfolios. The 
Eurozone index has a negative autocorrelation of just above negative 30%, compared to -11.3% for other 
Europe. 
Of all the indices created in this study, the stock portfolios underlying these two indices are the most 
diversified. The largest long positions are below 17%, and the top five stocks account for slightly over half 
of the total portfolio. There is a relatively low number of short positions as well, and the largest short 
positions are both below 2%. The diversification among the long positions combined with the low 
aggregate amount of short positions both contribute to lower volatility of the underlying stock portfolios. 
The graphs in Exhibit 20 illustrate the composition of the portfolios underlying these two indices. 
 
 
    
Exhibit 19. Return and underlying stock portfolio diagnostics of the Eurozone and Other-Europe pure-play indices 
 
Exhibit 20. Underlying stock portfolios of the Eurozone and Other-Europe pure-play indices, 2010-2012 
    RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
Eurozone 0.6% 4.5% -28.6% 0.13 0.54 1.07 41 -0.01 27 -0.07 0.003
Other Europe 3.9% 4.3% -11.3% 0.16 0.52 1.09 39 -0.02 29 -0.09 0.003
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3.5 UK sector indices 
For a few of the European countries with the most property holdings among the traded companies, it is 
possible to create country-specific sector indices. We have explored this possibility for the UK and France. 
Furthermore, because the European REITs and real estate firms tend to be so concentrated in their home 
countries, the supra-national structure of the European Union creates an additional layer of geography 
that effectively does not exist in the U.S., and which enables a type of geographic-and-sector defined index 
set that is not as possible in the U.S. pure play indices. In particular, it is possible in a few countries to use 
only the REITs that are domiciled in that country, rather than the entire 68-firm European universe, to 
create sector indices within the target country. A necessary prerequisite for these types of indices was 
that there would be at least one company in our sample that would have over 75% of its holdings in a 
certain sector for a given country. This was the basis at which the selection was made which indices to 
create, and we have explored this approach for the UK, Germany, and Sweden. The result is five sets of 
country-and-sector indices, including two redundant sets for the UK (one based on all 68 REITs and one 
based just on the 13 UK-only firms). 
For the UK sector set based on all 68 firms, six sectors were included in the regressions (including 
other/hotel), but only five sectors seem to be reliable enough to consider. They are shown for our 2010-
2012 sample period at a quarterly frequency graphed in Exhibit 21. UK industrial is by a wide margin the 
worst performing sector with annualized growth rate of -14.2%. At the other end, multi-use reached an 
annual return of 17.5% due to strong performance at the end of 2011 and 2012, a result which seems to 
be difficult to explain by any macroeconomic event or data. Of the five sector indices multi-use would be 
the one we would consider least likely to be feasible to publish. Retail and residential are more or less flat 
during the study period, whereas UK offices reach an annual growth rate of just over 8%. While the 
volatility figures for all indices seem reasonable, the residential index shows a very high level of negative 
autocorrelation. 
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The level of concentration in the underlying portfolios increases as more specific indices are being created 
using the pure-play methodology. For all portfolios the largest long position has a weight of over 50%, and 
for industrial it reaches 200%. While the number of short positions does not necessarily increase 
compared to the previously presented indices, their magnitude increases. The range of largest short 
positions for the UK indices is between -18% and -102%, and the average short position also increases 
considerably compared to the broader indices presented earlier. 
 
 
 
Exhibit 21. Quarterly frequency UK pure-play sector indices, 2010-2012 
Exhibit 22. Return and underlying stock portfolio diagnostics of the UK pure-play sector indices 
 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
UK Office 8.1% 7.8% -32.7% 0.55 1.49 2.07 23 -0.34 45 -1.07 0.02
UK Retail 0.0% 5.7% 6.4% 0.71 1.59 1.77 34 -0.18 34 -0.77 0.02
UK Residential -1.2% 5.8% -46.9% 0.84 3.14 3.95 38 -1.02 30 -2.95 0.10
UK Industrial -14.2% 10.9% -8.1% 2.00 2.67 3.23 44 -0.54 24 -2.23 0.09
UK Multi-use 17.5% 11.0% -7.2% 0.64 1.66 1.84 55 -0.23 13 -0.84 0.06
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3.6 French sector indices 
Given the lack of France-focused companies in our sample, only three French sector indices were created 
using the 68-firm universe. The performance of these is rather mixed, with retail and multi-use moving 
relatively in tandem until early 2012, when retail plunges and multi-use holds up relatively well before 
dropping at the very end of our analysis period. The French office sector index steadily declines before 
recovering sharply during the last two quarters of 2012.  
The quarterly volatility of the indices ranges from 5.5% to 10.8%, and the level of autocorrelation is at a 
moderate level for all but the retail index which has a figure of over negative 50%. Again, the underlying 
stock portfolios are heavily concentrated, with the largest long positions having weights of over 100% for 
all but the retail index. Large short positions characterize all but the multi-use stock portfolio. In summary, 
the French sector indices seem a bit marginal, with especially the retail index looking problematical. 
 
Exhibit 23. Quarterly frequency French pure-play sector indices, 2010-2012 
Exhibit 24. Return and underlying stock portfolio diagnostics of the French pure-play sector indices 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
FRA Office 2.5% 5.5% -19.5% 1.06 2.63 2.77 22 -0.44 46 -1.77 0.04
FRA Retail -2.8% 10.8% -51.7% 0.66 1.62 1.93 41 -0.27 27 -0.93 0.03
FRA Multi-use -3.8% 7.3% -8.8% 1.00 1.06 1.09 44 -0.03 24 -0.09 0.00
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3.7 UK sector indices based on 100 % UK companies only 
UK, Germany and Sweden had the most home country focused companies among the 68 selected REITs 
and other real estate investment companies. Therefore for these countries we explored creating country-
specific sector indices using only those companies’ data that had 100% of their holdings in the respective 
countries. The same analysis was done for France, even though there only are three companies having 
100% of their holdings in France. All the previous indices were created using the data from all the selected 
68 companies, while the following four sets of indices were created with a considerably smaller universe 
of stocks. Again, the prerequisite for being able to create a sector index was to have at least one company 
with over 75% of its holdings in a specific sector. Given the smaller number of companies used to create 
the following indices, the number of sector indices diminished as well, as most companies tend to be 
diversified across sectors within their home country, making the construction of pure-play portfolios 
mathematically challenging.  
The UK had 13 companies in our 
sample with 100% of their holdings in 
the UK and therefore were used to 
construct the country’s sector 
indices.7 The UK pure play office and 
retail indices presented in this section 
are therefore based on 689 properties 
valued at approximately USD 68.5 bln 
as of January 2010. As can be seen on 
the map in Exhibit 25, the holdings of 
the UK focused companies seem to be 
relatively well diversified across the 
country. A high concentration of 
assets in London seems natural, and the remaining holdings are close to other major cities such as 
Birmingham, Manchester and Leeds. It is also interesting to note that most of the UK-only companies tend 
to be geographically diversified within the country. 
                                                          
7 A looser criterion is employed by the FTSE NAREIT PureProperty® Indices in the U.S., where REITs are included 
provided at least 75% of their property holdings are within the U.S. We have not explored this looser criterion for 
the major European countries, but it is unlikely it would make a huge difference. 
Exhibit 25. Map of all holdings of the 100% UK companies 
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The graphs in Exhibit 26 show the UK sector indices for office and retail using UK-focused companies only 
in blue and using all the 68 companies as in the previously-described set shown in green. 
For office the indices look almost identical, with an annual growth rate of 8.9% using UK-only companies 
compared to 8.1% using all 68 companies. The retail indices move close together until the end of 2011, 
when the index constructed with UK-only companies continues to slide while the index constructed using 
all 68 companies picks up. A more detailed analysis of the UK sector indices reveals some interesting facts 
regarding their composition as can be seen in Exhibit 27. In the entire group of selected companies there 
are 22 that hold 454 office assets in the UK, for a total estimated value of just over USD 40 bln. All of the 
13 UK focused companies have office assets in their portfolio. Companies having all their holdings in the 
UK therefore account for approximately 60% of all the UK office assets included in this study in terms of 
number and value. 
For the UK retail indices the situation is somewhat different. In the entire sample of companies there are 
20 that have UK retail assets in their portfolio for a total value of almost USD 66 bln. Out of these 20 
companies 11 have all their holdings in the UK. However, UK focused companies only hold 32% of all the 
retail assets included in this study, just over 45% of the total value. The UK retail index based on the 
holdings of UK-only companies is therefore based on a much smaller sample of assets, which likely 
explains the divergence in the performance of the two retail indices towards the end of our analysis 
period.  
Exhibit 26 Quarterly frequency UK pure-play sector indices when computed with all companies and 100% UK 
companies only, 2010-2012 
Exhibit 27. Number and value of assets held when computing UK office and retail indices with all companies 
and 100% UK companies only 
UK OFFICE INDICES No of companiesNo of assets Value of assets UK RETAIL INDICES No of companiesNo of assets Value of assets
All companies 22 454 $40,135,960,967 All companies 20 547 $65,996,947,278
UK companies only 13 273 $23,398,598,460 UK companies only 11 177 $30,298,919,139
UK companies % 59% 60% 58% UK companies % 55% 32% 46%
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However, it is also the geographical split of the assets that has an impact on the performance of the 
indices. Exhibit 28 highlights the geographical split of the office assets. The left-hand side map indicates 
the location of all the 454 UK office assets held by all the companies in our sample. The right-hand side 
map indicates the location of the 273 office assets held by 100% UK companies only. It is interesting to 
note that the geographical split of the assets is quite similar. For both indices there is a large concentration 
of assets around London and the south-east. It is only in the northern part of the country where the UK-
only companies have less exposure. The similarity in the geographical coverage of both computed UK 
office indices seems like a natural explanation for the similarity in their performance.         
 
 
 
 
 
 
 
 
 
The situation for the retail indices is quite different. Exhibit 29 highlights all the 547 UK retail assets held 
by all the companies in our sample on the left-hand side map, and the retail assets held by 100% UK 
companies only on the right-hand side map. As can be seen, there is a large difference in the geographical 
spread of the assets. The retail index based on UK focused companies only has significantly less exposure 
to the southern part of the country, as well as the areas between the major cities Bristol, Birmingham, 
Liverpool and Leeds. This is a likely explanation to the difference in performance of the two UK retail 
indices. 
 
 
 
Exhibit 28. Left-hand side map: UK office assets held by all companies.  Right-hand side map: 
UK office assets held by 100% UK companies 
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Portfolios used to construct the country-only indices are now even more concentrated, which is natural 
given the smaller number of companies, as can be seen in Exhibits 30 and 31 below. Not only large long 
and short positions characterize these underlying portfolios, but also larger changes in weights between 
the years, which was not the case for indices using the larger pool of companies.  
 
Exhibit 30. Return and underlying stock portfolio diagnostics of the UK pure-play sector indices when computed 
with 100% UK companies only 
Exhibit 31. Underlying stock portfolios of the UK pure-play office and retail sector indices, 2010-2012 
Exhibit 29. Left-hand side map: UK retail assets held by all companies. Right-hand side map: 
UK retail assets held by 100% UK companies 
    RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
UK Office 8.9% 8.2% -31.3% 0.67 1.80 1.88 7 -0.37 6 -0.88 0.15
UK Retail -4.1% 5.5% -21.5% 0.87 1.65 1.65 6 -0.16 7 -0.65 0.09
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3.8 French sector indices based on 100% French companies only 
In our sample there are only three firms that 
have all their holdings in France. Together they 
hold 501 assets with an estimated value of USD 
38.5 bln8 as of January 2010, as presented in 
Exhibit 32. With this small number of 
companies we were constrained in the 
number of country specific sector indices that 
we could estimate and decided to explore the 
possibility of constructing a French retail index. 
The graph in Exhibit 33 shows the French retail 
index estimated with France focused 
companies only in blue and with all 68 
companies in our sample in green. Of the three 
France focused companies Mercialys is the 
only one holding retail assets, and therefore 
the French retail index in blue is practically 
based on the 148 retail assets worth 
approximately USD 10 bln that Mercialys holds 
in the country. It is striking how well the index 
based on this very limited number of 
companies follows the price movements of the 
previously estimated French retail index based 
on a much larger sample of companies. The two indices move quite closely to each other until early 2012 
when the index based on French companies only drops more significantly.  
 
                                                          
8 However, this estimated figure is likely to be inflated due to 95% of the assets of ANF Immobilier being multi-use. 
The price of multi-use assets per square foot was estimated as the average price per square foot of the other 
assets a company holds and therefore in this case the price for multi-use is based on a limited sample of assets. 
Exhibit 32. Map of all holdings of the 100% French companies 
Exhibit 33. Quarterly frequency French pure-play retail 
index when computed with all companies and 100% French 
companies only, 2010-2012 
 
Exhibit 34. Number and value of assets underlying the French retail indices 
FRA RETAIL INDICES No of companiesNo of assets Value of assets
All companies 14 592 $50,305,986,252
FRA companies only 1 150 $10,420,637,689
FRA companies % 7% 25% 21%
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A more detailed analysis reveals that the French retail index based on the holdings of all companies in our 
sample consists of 592 properties worth just over USD 50 bln. Mercialys holds on 25% of these in terms 
of number of 21% in terms of value. While the two indices are based on a very different number of assets, 
their geographical split is relatively similar, as can be seen in Exhibit 35. The major difference in 
geographical coverage is in the northern part of the country, where Mercialys has less exposure 
surrounding the Paris region as well as the areas close to the Belgian border. It is likely this difference in 
geographic coverage of the two French retail indices that explains the difference in their performance 
during the last year of our analysis period. 
                
As can be seen in Exhibit 36, the index computed in this section is based on one company only, with 
marginal short positions in two stocks.  As the French retail index based on all 68 companies, the one 
presented in this chapter exhibits a high level of volatility as well as negative autocorrelation and therefore 
could be problematic.  
 
Exhibit 35. Left-hand side map: French retail assets held by all companies.  Right-hand side map: French retail 
assets held by 100% French companies 
Exhibit 36. Return and underlying stock portfolio diagnostics of the French pure-play sector index when 
computed with 100% French companies only 
 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
FRA Retail -10.6% 16.0% -38.6% 1.01 1.01 1.01 1 -0.01 2 -0.01 0.004
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3.9 German sector indices based on 100% German companies only 
There are seven German companies in our sample 
that had all their holdings in Germany. The German 
pure play portfolios are therefore based on 253 
individual properties with an estimated value of 
just below USD 50 bln as of January 2010. As can be 
seen on the map, holdings tend to be heavily 
concentrated around the major cities. Again, most 
of the companies seem to be geographically 
diversified within the country. Using these 
companies’ holdings data it was possible to create 
German office and residential sector indices. The 
office sector is off to a better start during the first 
half of our analysis period. While both sectors 
struggled during 2011 due to euro area problems, 
the residential index recovers quickly and 
performs strongly in 2012. This rings true to our 
casual understanding of the German market.  
As for the UK sector indices described in section 
3.7, the underlying stock portfolios are heavily 
concentrated with over 70% weight for the largest 
long positions for both indices. However, there is a 
difference in the short positions. For the office 
sector index there is a short position in three 
stocks, while for the residential index there is only 
one short position with a negative 5% weight. 
 
Exhibit 37. Map of all holdings of the 100% German 
companies 
Exhibit 38. Quarterly frequency German pure-play 
sector indices, 2010-2012 
 
Exhibit 39. Return and underlying stock portfolio diagnostics of the German pure-play sector indices 
 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
GER Office 1.5% 4.1% -33.1% 0.72 1.15 1.15 4 -0.12 3 -0.15 0.05
GER Residential 5.6% 4.6% 12.9% 0.75 1.05 1.05 6 -0.05 1 -0.05 0.05
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3.10 Swedish sector indices based on 100% Swedish companies only 
As with Germany, there were seven Swedish companies 
that had all their holdings in Sweden. The Swedish pure 
play sector indices are based on 2,242 individual 
properties with an estimated value of just below USD 29 
bln as of January 2010. Most assets are located around the 
major cities Stockholm, Gothenburg and Malmo and the 
main transportation hubs between them. Again, most of 
the Swedish companies tend to be diversified within their 
home country.  
Based on the holdings data of these companies, Swedish 
office and residential sector indices were created. Both 
perform very well throughout our analysis period, which 
is not surprising given the strong economic performance 
of the country throughout the financial crisis. Swedish 
offices show some weakness in 2011, but recover in 2012 
reaching an annual growth rate of almost 10%. The 
residential index shows very strong performance during 
all three years, having an annual growth rate of almost 
15%. The office index has a quarterly volatility of 
6.4%, higher than the 3.9% of the residential 
index. The office index has larger short positions in 
the underlying stock portfolio, with an average 
short position of over 30%. The portfolio of the 
residential index has four short positions that are 
each on average 17% of the portfolio. 
 
  
Exhibit 40. Map of all holdings of the 100% 
Swedish companies 
Exhibit 41. Quarterly frequency Swedish pure-play 
sector indices, 2010-2012 
 
Exhibit 42. Return and underlying stock portfolio diagnostics of the Swedish pure-play sector indices 
 
   RETURN DIAGNOSTICS  PORTFOLIO DIAGNOSTICS (2010 portfolio) (figures as a fraction of the total portfolio summing to 1.0)
CAGR Volatility Autocorrelation Largest long Sum top 5 longs Sum longs No of longs Largest short No of shorts Sum shorts Ave short (absolute)
SWE Office 9.7% 6.4% 16.1% 1.11 1.95 1.98 4 -0.48 3 -0.98 0.33
SWE Residential 14.7% 3.9% -17.4% 1.16 1.45 1.66 3 -0.23 4 -0.66 0.17
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4 Conclusions 
The goal of this study was to explore the possibility of applying the pure portfolio methodology in Europe 
by constructing ten sets of country and sector indices for the major European real estate markets for the 
three-year period 2010-2012, based on the holdings and return data of 68 selected REITs and other real 
estate investment companies. Key index performance statistics were calculated in order to assess the 
reliability and reasonableness of each index, together with statistics on the underlying pure-play portfolios 
determining the indices. 
We find that the pure-play methodology yields reasonable results for all the European-wide sector indices 
(office, retail, residential, industrial and multi-use). Residential is the best performing sector over the 
three-year analysis period, followed by office. Industrial shows negative average growth over the same 
time period, a result which is in line with our expectations. None of the calculated sector indices exhibit 
excessive volatility, with multi-use being the most volatile sector showing a yearly volatility of 
approximately 12.4%, which is a very reasonable amount by comparison with other forms or risky assets 
traded in liquid markets. None of the computed five sector indices exhibit high levels of autocorrelation 
which also is an encouraging result. 
The results are somewhat more mixed for the all-sector country indices. Indices calculated for the UK, 
France, Germany, Italy, and Sweden seem to relatively accurately reflect the underlying economic trends 
in these countries. Also, when compared with the IPD figures, the rank correlation is high, suggesting that 
pure play methodology indeed yields reasonable results. Only the Dutch country index seems 
problematic, with an average annual growth rate of almost -13%, a result which is difficult to explain by 
any macroeconomic factor. High negative autocorrelation characterizes both the French and Dutch 
country indices. 
The Eurozone and Other-Europe indices seem to accurately reflect the second leg of the euro crisis in 
2011. Both indices move relatively in tandem until mid-2011 when events in southern Europe sparked 
further worries about the stability of the single currency area. This can be seen in the all-sector indices for 
the Eurozone and Other-Europe especially in 2012, when Eurozone index fails to recover while the Other-
Europe index reaches its previous levels. Both indices exhibit moderate levels of volatility, and the levels 
of autocorrelation stay within a reasonable range. Further, the underlying stock portfolios are the most 
diversified in our sets of indices, with a moderate number of small short positions. 
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The last six sets of indices consist of country-specific sector indices. A necessary prerequisite for the 
construction of a country-specific sector index is to have at least one company having the vast majority 
(defined in this study as 75%) of its holdings in a specific sector for a country. This limited the number of 
country-specific sector indices that were computed.  
For the UK, office, retail, residential, industrial and multi-use indices were constructed. Returns for all but 
multi-use and industrial seem to be reasonable, and both exhibit the highest level of volatility of the five 
computed indices. Large negative autocorrelation characterizes the residential index. Also, the more 
specific the indices are constructed, the more concentrated the underlying stock portfolios become, as is 
the case for the UK sector indices. Concentrated indices are less able to diversify idiosyncratic firm risk. 
Office, retail and multi-use indices were computed for France. Average annual return figures are all within 
a reasonable range, and that is also the case for the volatilities of the computed indices. Only retail exhibits 
high level of negative autocorrelation.  
The last four sets of country specific sector indices were computed with companies that have all of their 
holdings in only the one (target) country. For example, with the 13 companies in our sample having all of 
their holdings in the UK, office and retail indices for the UK were created. The office index is almost 
identical to the once computed with all the 68 companies in our sample as described previously. The retail 
index computed with 13 companies only yields different results towards the end of our analysis period in 
2012 compared to the one calculated with all companies in our sample. 
There were only three companies in our sample having all of their holdings in France. This limited the 
number of sector indices that we were able to compute for France using French companies only. The 
French retail index computed with these three companies moves relatively in tandem with the French 
retail index computed with all 68 companies. However, this index exhibits a high level of volatility as well 
as negative autocorrelation. 
Germany and Sweden each had seven companies in our sample that had all of their holdings in the home 
country. For Germany, office and residential indices were computed using the data of the seven pure-
German companies. The residential index performs better towards the end of our analysis period, a result 
which is in line with our understanding of the German market. Both indices are moderately volatile, and 
autocorrelation does not seem to be an issue for either of them. 
Office and residential indices were computed for the Swedish market as well. Both perform very well 
throughout our three-year analysis period, a result which is in line with the good economic performance 
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of the Swedish economy throughout the crisis. Both indices are only moderately volatile, and have low 
levels of autocorrelation.  
Exhibit 43 summarizes the key 
characteristics of the computed 
indices, and highlights in light blue the 
ones that exhibit some problematic 
characteristics. High level of negative 
autocorrelation is the major issue for 
all six of the highlighted indices. High 
level of volatility is an issue for only 
one of the indices classified as 
‘problematic.’ High negative 
autocorrelation or high volatility can 
indicate that the pure-play portfolio is 
either lacking diversification, or is 
effectively excessively “levered” by its 
short positions necessary to eliminate 
exposure to non-target sectors or 
locations. Either cause can result in 
excess idiosyncratic firm risk in the 
portfolio. 
The exploratory research conducted in 
this thesis and our findings lead us to 
conclude that the pure-portfolio 
methodology is potentially quite 
applicable for the European real estate markets. European-wide sector indices all produce reasonable and 
reliable results for our analysis period. Furthermore, because European REITs do not on their own target 
individual sectors, derived pure-play portfolios such as those developed here are the only way to get 
sector-pure exposure for investors to target property sectors in Europe via the liquid, public stock market. 
The majority of the all-sector country indices also perform well, as do both the Eurozone and other-Europe 
Exhibit 43. Summary of all computed indices and key 
characteristics. Problematic indices highlighted in light blue. 
EUROPEAN PURE-PLAY INDICES - RESULTS
1. ALL EUROPE SECTOR INDICES CAGR Volatility Autocorrelation
Office 3.5% 4.6% -12.1%
Retail -0.1% 5.3% -31.8%
Residential 5.4% 4.0% 10.3%
Industrial -2.9% 5.2% 3.4%
Multi-use -1.4% 6.2% -15.0%
2. LARGEST COUNTRY INDICES CAGR Volatility Autocorrelation
United Kingdom 3.5% 5.5% -6.2%
France -0.3% 5.6% -46.4%
Germany 3.8% 3.5% 14.1%
Italy -3.1% 7.8% -22.0%
Netherlands -12.9% 8.4% -37.9%
Sweden 5.2% 3.7% -12.3%
3. UK & FRA COUNTRY INDICES CAGR Volatility Autocorrelation
United Kingdom 3.5% 5.5% -6.2%
France -0.9% 5.8% -47.7%
4. EUROZONE INDEX CAGR Volatility Autocorrelation
Eurozone 0.6% 4.5% -28.6%
Other-Europe 3.9% 4.3% -11.3%
5. UK SECTOR INDICES CAGR Volatility Autocorrelation
UK Office 8.1% 7.8% -32.7%
UK Retail 0.0% 5.7% 6.4%
UK Residential -1.2% 5.8% -46.9%
UK Industrial -14.2% 10.9% -8.1%
UK Multi-use 17.5% 11.0% -7.2%
6. FRA SECTOR INDICES CAGR Volatility Autocorrelation
FRA Office 2.5% 5.5% -19.5%
FRA Retail -2.8% 10.8% -51.7%
FRA Multi-use -3.8% 7.3% -8.8%
7. UK SECTOR INDICES100% UK COMPANIES ONLY CAGR Volatility Autocorrelation
UK Office 8.9% 8.2% -31.3%
UK Retail -4.1% 5.5% -21.5%
8. FRA SECTOR INDICES100% FRA COMPANIES ONLY CAGR Volatility Autocorrelation
FRA Retail -10.6% 16.0% -38.6%
9. GER SECTOR INDICES 100% GER COMPANIES ONLY CAGR Volatility Autocorrelation
GER Office 1.5% 4.1% -33.1%
GER Residential 5.6% 4.6% 12.9%
10. SWE SECTOR INDICES 100% SWE COMPANIES ONLY CAGR Volatility Autocorrelation
SWE Office 9.7% 6.4% 16.1%
SWE Residential 14.7% 3.9% -17.4%
43 
 
indices. Even the majority of country-specific sector indices produce reasonable results, with the best 
results achieved for the UK, Germany and Sweden. 
In the United States the FTSE NAREIT PureProperty® Index Series was launched in 2012 and currently 
covers 21 geographic and sector sub-indices. While the pool of REITs and other real estate investment 
companies is smaller in Europe, this study suggests that the currently available data may well enable the 
construction of a similar number of sector, country as well as country-specific pure-play sector indices for 
the key European real estate markets. At a minimum, such indices could provide a unique and valuable 
information tool. This could enable synthetic investment and hedging of targeted property sectors or 
locations (or both). Possibly at least some of the indices could be practical for construction of funded and 
directly traded pure play portfolios, such as through exchange traded funds (ETFs), as is the case with the 
FTSE-NAREIT PureProperty® Index Series in the United States. Furthermore, as the REIT industry matures 
and grows in Europe over the coming years, as seems likely, the potential for further development and 
enhancement of European pure-play indices either as an information or a trading product will only 
increase. 
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6 Appendix 
Please see the attached excel file for the detailed return data of the computed indices, as well as the 
underlying pure-play portfolios. 
 
